In this study, wind data of eleven years (2002)(2003)(2004)(2005)(2006)(2007)(2008)(2009)(2010)(2011)(2012) has been used to determine wind characteristics of Saudi Arabian city Jeddah. These characteristics include the daily, monthly and annual wind speed, wind probability density distribution, shape (k) and scale (c) parameters at 10 m height. The analysis revealed that yearly values of k ranged from 1.398 to 1.763 with a mean value of 1.590 and values of scale parameter c varied from 3.146 to 4.329 with mean value of 3.95. Furthermore, the results showed that maximum and minimum wind power potential was observed in the month of March and February, respectively. The wind was found to be blowing predominantly from south east direction. It was found that wind potential of the region can be used for small scale off-grid wind applications.
INTRODUCTION
Saudi Arabia is a leading oil producing country however it is keenly interested in utilizing environmental friendly alternate energy resources. From the available natural renewable energy resources such as wind, solar, tidal, biomass, geothermal and hydro farms along the Red Sea cost, Ernst and Young's included Saudi Arabia in their Renewable index. However a lot is required to be done to ensure the establishment of these farms and also to select more windy sites to utilize the wind potential. In this perspective the first requirement is to get the metrological data of the potential sites for the installation of wind generators. The present work is focused on the meteorological data of famous city of Jeddah (21.5000 °N, 41.9440 °E) in order to assess the wind power potential. Jeddah is the biggest port and second largest city in Saudi Arabia after Riyadh and is the gateway to holy Islamic cities Makkah and Medina. It is 75 Km west of Makkah and borders a number of hills that are parallel to Al-Srawat mountains from the East (Abdulgani, 1993; Hathloul and Mughal, 1991) . The climate of Jeddah is characterized with high humidity most of the year; it is very hot in summer and tends to be cold in winter. The annual temperature typically varies from 18 to 39 ℃. The warm season last from May 17 to October 10 and cold season last from December 13 to Feb 29.
The data on wind speed for this study is collected from Meteorological Department at King Abdualaziz International airport, Jeddah. Airport is located in the north of Jeddah, it is an industrial region and shares a considerable amount of power required to run this highly populous city (Noweir et al., 2013) . The site studied and situation of King Abdulaziz Airport is seen in Figure 3 . The purpose of this study is to find alternate energy resource for this industrial region especially and the majority of population.
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Assessment and analysis of wind power resource using weibull parameters 
ANALYSIS
Wind is defined as the progression of air in the atmosphere to balance the heat inequity that is caused by irregular heating of air by the chief energy source, Sun. This irregular heating produces kinetic energy which is converted to mechanical energy by wind energy conversion system (WECS). Power of the wind is the rate of change of kinetic energy and can be estimated with well-known by equation 1:
Where R is the rotor blade radius (m), ρ is the air density (kg/m 3 ) and v is the wind speed (m/sec). The above equation of power indicates that wind power is mainly dependent on the cube of wind speed; hence slight change in wind speed can cast considerable impact on output of wind turbine. So for effective utilization of wind energy at particular location an accurate and detailed knowledge of wind speed is essential. Several non-normal distributions have been used to model wind speed of specific areas such as Gaussian, log-normal, Weibull and squared normal. Among these Weibull was found to be widely used and most effective (Wharton and Lundquis, 2012; Rehman et al., 1994; Akdag and Dinler, 2009; Gualtieri and Secci, 2014) .
Since many years, scientist is using Weibull distribution to represent wind speed distribution in order to calculate wind loads. Weibull distribution for wind speed v is expressed by probability density function (wind speed frequency curve). The three parameter wind speed probability function can be calculated as given in equation 2 (Chang et al., 2003; Yang et al., 2014) (2)
Where f (ν) is probability of observing wind speed ν, c is the weibull scale parameter which shows how windy wind location is and k is the dimensionless weibull shape parameter which shows how peaked the wind distribution is. In this article, It is assumed two parameter Weibull distribution by setting location parameter μ zero as shown in equation 3. 
If observed the wind speed are divided into n speed intervals, then average speed is given in equation 6 (6) The average wind speed can also be expressed as shown in equations 7-10 (7) (8) (9) (10) By substituting gamma function in equation 10 we get average velocity as shown in equation 11
The standard deviation of wind speed v is given by (13) (14) (15)
, and
The gamma function of (x) is calculated as:
The Rayleigh distribution is considered as a special case of Weibull where parameter k is equal to 2 (Safari, Gasore, 2010; Weisser, 2003) . The main limitation of Weibull distribution is that its not effective for zero or low wind speeds. 
Wind power density
Where P -is average air pressure (N/m 2 ) and T -is monthly average air temperature (K) and R d is dry air gas constant (R d = 287 J/kg K). The corrected available power at the height of 10 m can be written as in equation 21. It was assumed that over the surface of constant air pressure, deviation of air density from standard value (1.225 kg/m 3 ) is very small (Yang et al., 2014) . Wind power density depends on air density and the cube of the wind speed. The average wind power density in terms of wind speed is calculated as (Yang et al., 2014; Al-Nassar et al., 2005; Jowder, 2009) (22) Where v i the measured wind speed per every three hours and N is the total sample data annualy. Wind power density in Weibull distribution analysis can be written as follows:
Where v i the measured three-hourly wind speed and N is the total sample data used for each year. Wind power density in Weibull distribution analysis can be written as follows (Celik, 2004) (23)
Wind energy density
Once wind power density of a site is given, the wind energy density for a desired duration T can be calculated as (Celik, 2004) (24)
The most feasible wind speed indicates the most frequent wind speed. Wind probability distribution is calculated by (Yang et al., 2014) 3.WIND PATTERN 3.1. Monthly mean wind speeds The monthly mean wind speed value v -and standard deviations σ are presented in Table  1 Table 2 shows average wind speeds for each year from 2002 to 2012, it can be seen that yearly wind speed ranges from 2.86 m/sec to 3.87 m/sec with average value of 3.54 m/sec. The highest mean wind speed of 3.87 appears in 2006. According to international standards these values of mean wind speed are not enough large size wind turbines. Table 2 shows yearly values of two Weibull parameters, scale and shape parameters which were determined using equation 13. The yearly value of k ranges from 1.39 to 1.76 with an average of 1.59. The value of c ranges from 3.14 m/sec to 4.32 m/sec with an average of 3.95 m/sec. Hourly wind speed variations are shown in Figures 5(a) and 5(b). It can be found that day time from 9 a.m. to 6 p.m. is windy for all the years. The peak hourly wind speed is around 3 p.m. Table 3 shows monthly Weibull parameters, the value of c is maximum in June with the value of 4.308 m/sec and minimum in October with the value of 3.08 m/sec.
Wind Rose diagrams
To conduct wind energy research it's important to determine wind direction. The wind direction is illustrated in polar diagrams and is measured in clockwise direction. The cycle is divided in 16 sectors, each of 22.5. The wind direction data is given in Table 4 , the frequencies (%) are plotted with respect to cardinal points as shown in Figures 6(a) and 6(b). From the statistics, it can be seen that most probable wind direction for the eleven year period (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) is in 315 degrees i.e. SE winds.
Calculation of wind density and energy
The wind power and energy density are evaluated in It can be seen that in Table 5 , values of power and energy related to metrological prediction are mostly greater than Weibull prediction. Figure 7 shows monthly variation of wind power density. It can be seen that maximum wind power density is in March and minimum wind power density is in February.
CONCLUSIONS
In this study, preliminary calculations were made to estimate wind energy potential in Jeddah, Saudi Arabia by utilizing 10 year wind data (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) . Probability density distributions and distribution parameters were derived using Weibull model and have indicated good agreement with measured values. It is suggested to install small wind turbines instead of large wind turbines since average wind velocity is lower and ranges from 2.866 m/sec to 3.875 m/sec. An interesting finding from this study is that the wind speed remains the highest from March to August all around the year as shown in Table 1 , thus its extremely favorable to install turbines in order to produce energy in peak summer time. In addition, the yearly mean wind speed ranges from 2.40 m/sec to 2.49 m/sec and average wind power density ranges from 42.86 to 83.78 W/m 2 which is considered good for small wind turbines. The most probable wind directions are SE and ESE at 315° and 337.5° respectively. The current study covers initial stages of wind assessment to find the best location to identify Weibull parameters for future work. 
